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L O C A T I O N C O M P A N Y ROUTE T O S I G N A T U R E AND D A T E
I n January, 1970, t h e i n i t i a l shipment o f t h e Hanford Basic Thermo-1 urni nescent Dosimeter (Hanford Drawing H-3-29808) was r e c e i v e d f 0 . r t e s t i n g .
T h i s dosimeter was designed f o r m o n i t o r i n g photon exposure t o personnel reasonably expected t o r e c e i v e l e s s than t e n p e r c e n t t h e q u a r t e r l y dose l i m i t s s p e c i f i e d i n AECM Chapter 0524.
Since t h e dosimeter had never been e v a l u a t e d and' was t o p r o v i d e a'nformation o f p o t e n t i a l e p i demiologi.ca1 or. medi do-legal s i g n i f i c a n c e , an e x t e n s i v e -t e s t i n g and eval uatEioti program was c a r r i e d o u t w i t h i n t h e 1 irni t a t i o n s o f t'irne and dos,imeters a l l o c a t e d f o r t h i s purpose. . T h i s document. i s ' a r e p o r t o f t h e f'iwiings, and .inc!udes recommendations f o r f u t u r e study, I t d.oes . n o t , however, make any comparison o f t h i s dos.imeter. w i t h t h e H a n f o r d F i l m ~a d~e Dosimeter, n o r does 'it pr0v.l" de .recommendations f o r i m p r o v i n g t h e . sys tem. Ilanford s e c u r i t y c r e d e n t i a l . The' dosimeter car-d i s designed t o be worn i n s c l c a r p l a s t i c pn~rch, o v e r l a i n w i t h t h e s e c u r i t y c r e d e n t i a l , . The . p l a s t i c c a r d c o n t a i n s two d i f f e r e n t 7LiF. TL m a t e r i a l s ; an 8:mm diameter 7 L i F -t e f i on d i s c and a 7LjF b l o c k 3.2 mm squa-re and 0.9 mm' t h i c k . :..'The 7 L i F ' b l o c k i s encased i n t e f l o n tape sealed . i n t o t h e p l a s t i c card; . i t serves as . t h e p r i m a r y dosimeter, Readout i s accomplfshed w i t h o u t removal o f t h e b l o c k from t h e card i n a modif i e d Harshaw Model 2000 reader . (Figure 2 ). Th.e reader drawer was a1 t e r e d t o accept t h e card and p o s i t i o n t h e TL b l o c k under t h e p h o t o m u l t i p l i e r tube; a c i r c u l a r h e a t i n g p i s t o n i s maintained a t a c o n s t a n t 300°c, and, f o r readout, i s r a i s e d i n t o c o n t a c t p o s i t i o n w i t h t h e b l o c k . Readout c y c l e i s 20 seconds, a f t e r which t h e h e a t e r drops away from t h e dosimeter. " I n t e g r a l l i g h t o u t p u t i s measured, r a t h e r than glow peak, and glow curves a r e n o t recorded ( a t p r e s e n t ) , , Annealing o t h e r than t h a t p r o v i d e d by' t h e readout i s * n o t expected 
pr'oblemSb'whi ch resu1 t e d i n t h e h e a t e r b l o c k a c t u a l l y making c o n t a c t w i t h t h e dosimeter card, were a p p a r e n t l y c o r r e c t e d by modifications-made a f t e r t h e t e s t i n g program; t h e new h e a t e r b l o c k i s 0.55 cm i n diameter and an i n d i c a t i n g l i g h t and automatic s w i t c h a r e p r o v i d e d t o ensure t h a t t h e drawer-i s p r o p e r l y c l osed.
The reader was found t o bc s e n s i t i v e t o e x t e r n a l r a d i a t i o n f i e l d s ,
Levels as low as 0,1 mR/hr c o u l d cause a s i g n i f i c a n t response--perhaps on t h e o r d e r o f 50 mR e q u i v a l e n t reading. Therefore, t h e reader should n o t be used in high background areas, or-.in-ar.eaS.'. where,.'l arge-background radiation fluctuations (e.g. 2-3 times .normal'). 'occur.
STRUCTURAL 'AND ' lirEAR.' T E S T S '
The dosimeter card, .new. -po.wh;-.-an'd-.:-c-1-i.pa.ss-emb"l'y..were .subjected to various *structural .and . w e a r~. t e s t~. : " ' :~T~e n t y~~' o f '~' t h e " 'dos4meter' cards .were subjected t o .flexing (.*45O bend) 50-60 times. In eleven of these, the-covering over. the teflon disc partial ly or.. wh.o'l.1~ separated;..and in' one, th.e p l a s t i c '
dosimeter card cracked from t h e edge t o t h e lo'eati-ori af the .di.sc: These'tards'
did not have, numbers punched in them. Cards with numbers would break o r crack across the numbers, and perhaps .over the teflon disc also, when flexed to, the same'.extent only 15-20 'times.
However, when the TL .dosimeter card;' security-{credential', and pouch are .a1 1 assembled, the resultant, package-i.s-..highly-,resistai.lt' to, flexing; no breaks o r untoward effects were noted even;. after-750. flexings,; simi l a r l y ;
twisting .or similar a c t i v i t y had no iql effect.
The new snap closure worked 1wel.l;. but was'-'poor'ly','desi gned from, a human factors standpoint; I t was, diffi.cu1 t' to' apen .wi'th:"th'e fingers-, and was not easily gripped to the clothing.. Nearly half 'of' those. we'asi ng the badge f o r a seven week period expresse'd~dis~satisfacti'on' wi.th the cl ip.
Four weeks, a f t e r reader' annea';l.i'ng.,-.pai.r.ed.. The eval uati-on was. r e r u n a f t e r t h e reader. was ' r e f i n e d , and t h e d a t a a r e shown i n Figure 41 Far les's v a r i a t i o n .was rioted i n 5ackground readings o f c o n t r o l s ; With t h e r e f i n e d reader, v a r i a t i o n dropped t o < + 8 % , and 20' m~ was. e a s i l y detectable. For a group o f . l o dosiri~eters exposed . t o 20 mR, t h e v a r i a t i o n i n l i g h t o u t p u t from t h e mean was t.65, -30%, r es u l t-ing i n a dose i n t e r p r e t a t i . o n rang'e o f -1'4 t o . 33 mR. A1 though data were n o t taken a t 10 mR, t h e response i s probably l i n e a r down . t o t h a t level., b u t f o r p r a c t i c a l purposes pending comple.tion o f t h e s t a t i ' s t i x a l analysis,, 20 mR was considered t.o he t h e minimum l e v e l of detection, S u p r a l i n e a r i t y began about 200 R, b u t was'not s i g n i f j . c a n t ' . u n t i l much h i g h e r l e v e l s were reached. A t 1,000 R, t h e overresponse from s u p r a l i n e a r i t y was o n l y 10%; a t 10,000 R,100%.
PRECISION.
The r a t h e r . l e n g t h y . r e q u i r e d . h o l d i n g t i m e a f t e r -r e a d e r anneaq i n g Table I . The d a t a from Table I c l e a r l y show t h a t even w i t h .the '.reader as . o r i g i n a l l y .received, and u s i n g a p r e v i o u s . c a l i b r a t i o n curve ( F i g u r e . 3),
mR + 25% should be . r e a d i l y d e t e c t e d a t t h e 95% conf.idence . l e v e l . With t h e f i n a l v e r s i o n o f ,the reader, k i m i l a r p r e c i s i o n was. obtained a t b o t h 20 mR and 100 mR, I t should be noted t h a t h a l f -o f t h e dosimeters read o u t on t h e f i n a l v e r s i o n o f t h e reader were read by two d i f f e r e n t i n d iv i d u a l s on d i f f e r e n t days.
6,3 ENERGY AND ANGULAR DEPENDENCE
Photon energy dependence ,was de t e r m i ned over .the range. 1 6 keV t o 1.25 MeV, and i s shown i n F i g u r e 5. P a i r s o f dosimeters were,.used a t a n exposure l e v e l o f 400 mR. Response was f l a t t o w i t h i n f .15% o v e r t h e range 22-1 250 keV~,. r q A t t h e low energy end, the'response i s somewhat lower than t h a t seen w i t h t h e bare . 7 L i F bl.ock. T h i s i s an expected r e s u l t o f a t t e n u a t i o n .from. the. m a t e r i a l ( t e f l . o n tape; s e c u r i t y credent.i.al , ;pouch)
o v e r l y i n g t h e block.
.. . .
Angular dependence was' s t u d i e d by p a i r e d exposures : t o 200 mR
from 60Co over a 2n (180°) a r c , w i t h data b e i n g o b t a i n e d -a t 15' increments.
P r e l i m i n a r y . a n a l y s j s i n d i cated angular dependence 5 f 10% based on t h e average of .two exposures.
EXTRANEOUS RADIATION RESPONSE
The response t o beta, neutron, v i s i b l e l i g h t , and u l t r a s o u n d
were .also evaluated. Thermal neutron exposures were made w i t h a 2 3 9~u~e source i n t h e NBS t y p e Sigma P i l e ; exposures) were t o f l u e n c e s up t o l o 7 n/cm2. No thermal neutron response was,.detected ,at these. exposure l e v e l s . F a s t n e u t r o n exposures were made t o a: 2 3 9~~~e spectrum (EAv ~4 . 5 MeV) a t l e v e l s 5 1 O7 n/cm2; no . f a s t n e u t r o n . reg,ponse was detected,
eta responsewas checked by e x p o s u r e ' t o .beta s p e c t r a from b o t h N a t~ and g O~r -Y . I n b o t h cases, t h e l i g h t o u t p u t p e r -r a d was about
h a l f ..that o f a comparable photon dose. I n F i g u r e .6, .the data are .plotted;. Again, p a i r e d TLDos were used, and exposures made, t o b o t h n a t u r a l l i ' g h t and -f l u o r e s c e n t l i g h t , Two groups of TLD's were .used: one unexposed, and t h e o t h e r exposed t o 300 mR .of photons from 226Ra + daughters.
n o t e t h a t t h e beta response curve d i d n o t t e n d t o f l a t t e n out'below 100 mrad, s u p p o r t i n g t h e c o n i l u s i ons c i t e d i n S e c t i o
Only t h e dosimeter c a r d was exposed t o v i s i b l e l i + g h t . The n e t l i g h t o u t p u t as a r e s u l t o f exposure t o v i s i b l e l i g h t i s shown i n F i g u r e 7; although i n s u f f i c i e n t data a r e a v a i l a b l e , t h e r e appears t o be a saturat i o n phenomenon above about l o 4 foot-candl e-hours. Photon i r r a d i a t i o n o f t h e 7~i~ p r i o r t o t h e exposure t o v i s i b l e l i g h t appeared t o have l i t t l e
e f l e c t on response.
The 'data suggest t h a t l i g h t would have o n l y a s l i g h t e f f e c t on t h e 7 L i~, T h i s e f f e c t would be f u r t h e r m i t i g a t e d by s h i e l d i n g from t h e s e c u r i t y c r e d e n t i a l i n t h e f u l l y assembled package. However, t h e p o t e n t i a l adverse e f f e c t o f l i g h t should be noted, and f u r t h e r study prior exposure history of the 7LiF block. In any event, the more conservative approach i s suggested.pending additional study.
The four week holding time a f t e r reader annealing does not seem.to be a rigid requirement. Preliminary data are available that indicate that a two or three week period may be adequate to return the dosimeters to t h e i r previous level of sensitivity.
To avoid the holding period entirely annealing for 24 hours a t 80°C followed by a 72 hour hold was suggested.' This procedure was found to be unsatisfactory; sensitivity was considerably reduced, and precision, even for exposures of severa1,hundred mR, was poor. In many insta.nces, no meaningful data could be obtained.
INTERRELATIONSHIP OF VARIABLES -
The interdependence of six variables--temperature, humidity, angle .of incidence, days to readout and. the two annealing procedures--was evaluated by exposing two rep1 icates in a z5 factori a1 experiment.
Other than the problems with the 80°C -24 hour anneal. noted in Section 6,7 above, .no interrel ationships .among variables were found, 7.0 7 L i~ -TEFLON DISCS These were included in the dosimeter card (Figure 1 ), which was designed w i t h a depression to f i t the 8 mm diameter disc. The disc was covered with a small amount of plastic solvent sealed t o the main piece of of the dosimeter card.
The 7 L i~ -teflon disc was included f o r back-up capability, and would be read only in special situations, Removal of the disc was'foun-d t o be very d i f f i c u l t , f o r the method of sealing caused some of the p l a s t i c from the dosimeter card to adhere. An inordinate amount of time and-care was required to remove and clean the disc. Even so, in many cases, removal could not be accomplished without physically damaging the disc. This factor, plus the data obtained in e a r l i e r studies with 7LiF -teflon and the 8 mm diameter discs led to the decision to not evaluate the discs. Hanford contractor personnel selected by a semi-random procedure; these were worn for about one month, The dosimeters were issued to the f i e l d in t h e .
newly designed pouch--not the one shown in Figure 1 , This short t e s t was expected to provide information on wear, unusual.response, acceptance by personnel, and other contingencies.
%
Personnel who participated in the t e s t were requested to f i 11 out brief questionnaires anonymously, 89 returns -were received; and the results are summarized below. Details are given in App,endi.x A.
In general, acceptance was overwhelmi'ngly favorable., Personnel found
Ehe. badge comfo~tiab1'e.:-to.-wear.-(.87).; -more ,,so. than the. f i 1.m badge dosimeter: (7.1 ) .
. .
Few noted .any tearing or physical damage. However, about 43% of the respondents noted problems with the c l i p . Of the 48 who offered coments, 13 No excessive wear o r s t r u c t u r a l ' d e f e c t s were noted. Two' badges'; were l o s t , b u t t h i s problem should be r e s o l v e d by t h e changes i n . t h e c.1.i~.
One badge, worn by a welder; had some m a t e r i a l s p a t t e r e d onto t h e pouch b u t o t h e r w i s e was i n excel l e n t c o n d i t i o n .
Upon readout, 12 badges (approximately 10%) ' showed exposures
The data i n Tab'l'e I 1 show e x c e l l e n t agreement between t h e TLD"dosimeters, w i t h 'less c o n s i s t e n t response from t h e pocket chambers.
DISCUSSION AND CONCLUSIONS
The r e s u l t s presented above i n d i c a t e t h e b a s i c dosimeter system i s an excel l e n t personnel dosimeter f o r i o n i z i n g photon, r a d i a t i o n . Most problems t h a t have been encountered were minor, and were c l e a r e d up by subsequent mechanical changes. However, t h e c o n s t r u c t i o n bf t h e dosimeter ca-rd may preclude use o f t h e "backup" dosimeter. 2) S e n s i t i v i t y as a f u n c t i o n o f t i m e a f t e r reader annealing, w i t h an eye towards d e l i n e a t i n g more f u l l y t h e e f f e c t s o f reader anneal i ng . Physics Section, Battelle-Northwest, Thanks a r e due a l l Hanford c o n t r a c t o r h e a l t h physics personnel who p a r t i c i p a t e d i n t h e wear t e s t . Speci a1 thanks a r e due T, Dabrowski, Douglas-United Nuclear, who r a n t h e independent f i e l d study, J . P o Corley ,and T o A. Beetl'e, Battel le-Northwest, and especiall ly , t o Gary L o Webb, Battelle-Northwest,'for t e c h n i~a l ' a s s i s t a n c e with readout, interpretation, and other phases of the evaluation program.
